The aims of present study were to evaluate the prevalence, risk factors, and prognostic significance of masked hypertension in diabetic patients. Using a cross-sectional design, 266 patients with documented type 2 diabetes mellitus and clinic blood pressure (BP) <140/90 mm Hg without antihypertension treatment were enrolled; 24-hour ambulatory BP monitoring was applied to evaluate mean 24-hour systolic/diastolic BP. Demographics, medical histories, and medications usage were obtained using questionnaire. Fasting venous blood was drawn for biochemical analysis. Approximately 26.5% of participants were diagnosed as masked hypertension with mean 24-hour systolic BP >130 mm Hg and/or mean 24-hour diastolic BP >80 mm Hg. Compared with those without masked hypertension, other than significantly higher mean 24-hour systolic/ diastolic BP, patients with masked hypertension were more elderly, had higher serum glycated hemoglobin (HbA1c) and C-reactive protein (CRP) levels and higher prevalence of coronary heart disease (CHD). Multivariate regression analysis showed that aging, increased HbA1c and CRP levels, and prevalent CHD were independently associated with masked hypertension. Logistic regression analysis revealed that after adjusted for traditional risk factors including age, male sex, smoking status, lowdensity lipoprotein-cholesterol, CRP, clinic systolic BP, and HbA1c, masked hypertension remained independently associated with prevalent cardiovascular disease (CVD), with odds ratio of 1.31 and 95% confidence interval of 1.11 to 1.85. In summary, in diabetic patients, concurrent masked hypertension increases the odds of having CVD. Future randomized controlled trials are warranted to investigate whether screening and managing masked hypertension could reduce cardiovascular events in diabetic patients.
Introduction
Hypertension is a major public health problem around the world owing to its causal relationship to a variety of cardiovascular and renal diseases. [1] [2] [3] Epidemiological studies indicate that a substantial number of patients are masked hypertension that is defined as clinic blood pressure (BP) <140/90 mm Hg, whereas mean 24-hour ambulatory BP (ABP) >130 and/or 80 mm Hg. [4] [5] [6] In recent years, results from observational studies reveal that individuals with masked hypertension have a higher cardiovascular disease (CVD) risk compared with those with normotension, [6, 7] suggesting that it may be beneficial to screen and manage individuals with masked hypertension.
Diabetes mellitus (DM) is another major risk factor for cardiovascular and renal diseases. [8, 9] Interestingly and importantly, prior epidemiological studies indicate that patients with DM have increased risk of developing incident hypertension than those without DM, [10, 11] and the underlying mechanisms may be at least partially related to increased sympathetic nerve activity in diabetic patients, which is also a potential mechanism of masked hypertension. [12] Taken together, one may speculate that the prevalence of masked hypertension may be higher in patients with DM versus those without DM. Nevertheless, the prevalence and potential risk factors of masked hypertension in patients with DM is less well studied. In addition, whether diabetic patients with masked hypertension have higher prevalence of CVD than their diabetic counterparts without masked hypertension is also unknown. Therefore, in our present study, we used a cross-sectional design to evaluate the prevalence, risk factors, and prognostic significance of masked hypertension in patients with DM.
Methods

Studied design and participants enrollment
This was a cross-sectional study, and the present study was approved by the Clinical Research Ethic Committee of the Shenzhen Sun Yat-sen Cardiovascular Hospital. Participants were enrolled after informed consent was obtained and all participants were treated based on the Declaration of Helsinki. Included criteria were 2-folds: 45 to 75 years old and had documented type 2 DM. Excluded criteria were as follows: documented hypertension, treating with antihypertensive medications or clinic BP >40 and/or 90 mm Hg at screening, had myocardial infarction, ischemic stroke or congestive heart failure in the past 12 months, or with estimated glomerular filtration rate (eGFR) <60 mL/min/1.73 m 2 .
[13]
Clinic and ambulatory blood pressure measurements
Clinic BP measurements were conducted in accordance to the JNC7 guideline recommendation [14] and participants sat quietly for 5 minutes and nondominant arm was selected and placed at the heart level. Three consecutive BP readings were obtained with 1-minute interval of each reading, and the last 2 readings were averaged and defined as clinic BP (HEM7200, Omron Healthcare, Tokyo, Japan). ABP measurements were performed by 24-hour ABP monitoring (The Spacelabs 90217, Spacelabs Inc, Redmond, WA) and BP reading was measured in each 20 minutes during daytime and each 30 minutes during nighttime. Participants were asked to record the time when they went to sleep that was used to defined daytime and nighttime periods. Masked hypertension was defined as clinic systolic and diastolic BP <140/90 mm Hg, whereas mean 24-hour systolic BP >130 mm Hg and/or mean 24-hour diastolic BP >80 mm Hg.
Clinical and biochemical data collection
Structured questionnaire including information about participants' demographics, medical histories, and current medications usage was provided to each participant. In brief, CVD including coronary heart disease (CHD), ischemic stroke, and peripheral artery disease were diagnosed based on clinical symptoms and imaging evidence including coronary angiography, computed tomography with contrast, and peripheral vascular ultrasound as appropriate. Biochemical parameters including serum levels of fasting plasma glucose (FPG), glycated hemoglobin A1c (HbA1c), lipid profiles, creatinine (Cr), and C-reactive protein (CRP) were measured using fasting venous blood.
Statistical analysis
Continuous variables were expressed as mean ± SD and categorical variables were expressed as number and frequency of cases. Between-group differences were evaluated by the independent Student t test or the x 2 analysis as appropriate. Univariate and multivariate regression analysis were used to evaluate potential risk factors of masked hypertension. In the logistic regression analysis, age, male sex, smoking status, low-density lipoprotein-cholesterol (LDL-C), CRP, clinic SBP, and HbA1c were entered in stepwise models for adjustment of the association between masked hypertension and prevalence of CVD in diabetic participants. Statistical analysis was conducted in SPSS 23.0 (IBM, Armonk, NY).
Results
General characteristics
From January of 2016 to March of 2017, a total of 266 participants were enrolled. General characteristics of participants were presented in Table 1 . The mean age was 59.7 ± 10.3 years old and male participants accounted for 55.6%. The mean clinic systolic and diastolic BP were 127 ± 10 and 79 ± 8 mm Hg, respectively. The mean 24-hour systolic and diastolic BP were 126 ± 12 and 76 ± 11 mm Hg, respectively. Regarding the prevalence of CVD, 12.9%, 4.1%, and 3.8% of participants had coronary artery disease, ischemic stroke, and peripheral artery disease, respectively. The mean number of antidiabetic medication was 2.5 ± 1.3 and 19.5% were prescribed insulin.
Prevalence of masked hypertension
Among enrolled participants, the prevalence of masked hypertension was approximately 26.5%. Compared with those without masked hypertension, participants with masked hypertension had significantly higher mean 24-hour systolic BP (135 ± 7 vs 122 ± 6 mm Hg), diastolic BP (87 ± 9 vs 72± 7 mm Hg), and mean heart rate, whereas no significant between-group differences in clinic BP were observed (Table 2) .
In addition, participants in the masked hypertension group were more elderly, had higher serum HbA1c and CRP levels, and had higher prevalence of CHD compared with those without masked hypertension. No significant between-group differences in other risk factors and comorbidities were observed.
Risk factors of masked hypertension
Univariate and multivariate regression analyses were used to evaluate the potential risk factors of masked hypertension, and as presented in Table 3 , in the univariate regression analysis, aging, increased serum HbA1c and CRP levels, prevalent CHD, and ischemic stroke were all significantly associated with masked 
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10 ( hypertension. Nonetheless, in the multivariate regression analysis, the odds ratios of these above risk factors were attenuated but still statistically significant except ischemic stroke.
Association of masked hypertension and prevalent CVD
The association of masked hypertension and prevalent CVD including CHD, ischemic stroke, and peripheral artery disease were evaluated using logistic regression analysis. As presented in Table 4 , in adjusted model, masked hypertension was associated with approximately 2-fold higher odds of prevalent CVD. In a stepwise adjusted model, after adjusted for age, male sex, smoking status, LDL-C, CRP, clinic SBP, and HbA1c, masked hypertension remained significantly associated with prevalent CVD in diabetic patients, with odds ratio of 1.31 and 95% confidence interval of 1.11 to 1.85.
Discussion
To our best knowledge, our present study is the first few studies to investigate the prevalence, risk factors, and prognostic significance Table 2 Comparisons between masked hypertension and no masked hypertension groups. ) 87 ± 9 * 72 ± 7 Mean 24-h heart rate (bpm) 77 ± 12 * 68 ± 14 bpm = beat per minute, CRP = C-reactive protein, DBP = diastolic blood pressure, FPG = fasting plasma glucose, HbA1c = glycated hemoglobin A1c, HDL-C = high-density lipoprotein-cholesterol, LDL-C = low-density lipoprotein-cholesterol, SBP = systolic blood pressure. * P < .05 vs no masked hypertension group. bpm = beat per minute, CI = confidence interval, CRP = C-reactive protein, DBP = diastolic blood pressure, FPG = fasting plasma glucose, HbA1c = glycated hemoglobin A1c, HDL-C = high-density lipoproteincholesterol, LDL-C = low-density lipoprotein-cholesterol, OR = odds ratio, SBP = systolic blood pressure. Model 1, adjusted for age and male gender; Model 2, further adjusted for smoking status, LDL-C, CRP, and clinic SBP; Model 3, further adjusted for HbA1c; OR = odds ratio; 95% CI = 95% confidence interval.
Variables Masked hypertension
No masked hypertension
Zhao com of masked hypertension in patients with diabetes. The principal findings of present study include the following: first, the prevalence of masked hypertension in diabetic patients of present study was 26.5%; second, associated independent risk factors of masked hypertension included aging, increased serum HbA1c and CRP levels, and prevalent CHD; third, masked hypertension was associated with approximately 31% higher odds of having prevalent CVD in diabetic patients even adjusted for other risk factors.
Notably, hypertension and DM are 2 major independent risk factors of CVD. In addition, prior epidemiological studies show that diabetic patients have increased risk of developing hypertension compared with those without diabetes, [11] and diabetic patients with hypertension also have increased risk of developing cardiovascular and renal diseases compared with their counterparts without hypertension. [10] Therefore, it is clinically relevant to screen and manage hypertension in patients with diabetes. Masked hypertension is an important phenotype of hypertension. Masked hypertension is featured by normal clinic BP level, whereas BP out of clinic office is elevated. Numerous studies also have shown that masked hypertension is associated with increased cardiovascular events. [6, 7] In our present study, we observed that in diabetic patients with normal clinic BP level, using 24-hour ABPM identified approximately 26.5% of masked hypertensive patients. Importantly, as presented in Table 2 , these patients had higher cardiovascular risk profiles compared with those without masked hypertension, suggesting that in diabetic patients with normal clinic BP level, evaluating their 24-hour ambulatory BP level may be beneficial for identifying those high-risk patients.
Our present study showed that aging, increased serum CRP and HbA1c level, and prevalent CHD were independently associated with masked hypertension. Notably, aging [15] [16] [17] and DM [18, 19] are commonly associated with autonomic nerve disorder that in turn led to BP fluctuation, especially under stress and having daily physical activity. Therefore, it is possible that increased age and HbA1c level were independently associated with masked hypertension. Interestingly, increased serum CRP level was also independently associated with masked hypertension. We were unsure about the underlying mechanism. However, one might speculate that increased serum CRP level might be associated with endothelial dysfunction, [20] which in turn caused vascular diastolic function impairment and BP elevation. In addition, prevalent CHD might also reflect the existing endothelial dysfunction and decreased organ perfusion, which in turn also led to BP elevation. Owing to the weakness of clinic BP in terms of limited BP measurement, one may speculate that using 24-hour ABPM to capture out of clinic's BP in diabetic patients should be beneficial to identify masked hypertensive patients.
We further evaluated whether prevalent masked hypertension would increase risk of having prevalent CVD in diabetic patients. Importantly, we observed that even adjusted for traditional risk factors of CVD, masked hypertension still significantly associated with prevalent CVD, with 31% higher odds, suggesting that screening masked hypertension in diabetic patients may be beneficial to better stratify CVD risk. Owing to the independent risk of BP elevation for CVD, one may speculate that using antihypertensive medications to normalize 24-hour ambulatory BP level in diabetic patients would be beneficial to reduce cardiovascular risk.
There are some limitations of our present study deserved to be addressed. First, this was a cross-sectional study that could not allow us to draw causal relationship between risk factors and masked hypertension. In addition, the associations of masked hypertension and prevalent CVD were also compromised by undetected and unmeasured biases. Second, the present study should not be generalized to other population groups. Third, since the prevalence of CVD in present study was relatively small, the findings of present study should not be extrapolated to other populations group with much higher prevalent CVD. Nevertheless, of the first few studies the present study was to evaluate the prevalence, risk factors, and prognostic significance of masked hypertension in diabetic patients, and findings from present study could provide novel and deep insights into the relationship between masked hypertension and diabetes.
Conclusions
Our present study observes that the prevalence of masked hypertension in diabetic patients is now low, and masked hypertension is independently associated with aging, increased serum HbA1c and CRP levels, and prevalent CHD. In diabetic patients, concurrent masked hypertension increases the odds of having CVD. Future randomized controlled trials are warranted to investigate whether screening and managing masked hypertension could reduce cardiovascular events in diabetic patients.
